Background: Little information exists concerning the frequency and medical significance of incidental findings (IFs) in imaging research.
9.2% with subsequent clinical action), with computed tomography of the thorax and magnetic resonance imaging of the head next (OR, 11.9 and 5.9; 2.8% and 2.2% with action, respectively). Of the 567 examinations with an IF, 35 (6.2%) generated clinical action, resulting in clear medical benefit in 1.1% (6 of 567) and clear medical burden in 0.5% (3 of 567). Medical benefit/burden was usually unclear (26 of 567 [4 
.6%]).
Conclusions: Frequency of IFs in imaging research examinations varies significantly by imaging modality, body region, and age. Research imaging studies at high risk for generating IFs can be identified. Routine evaluation of research images by radiologists may result in identification of IFs in a high number of cases and subsequent clinical action to address them in a small but significant minority. Such clinical action can result in medical benefit to a small number of patients. Med. 2010; 170(17) : [1525] [1526] [1527] [1528] [1529] [1530] [1531] [1532] A N INCIDENTAL FINDING (IF) in human subjects research is defined in a major consensus project as an observation "concerning an individual research participant that has potential clinical importance and is discovered in the course of conducting research, but is beyond the aims of the study." 1(p219) Numerous reports have detailed how the detection of an IF can result in the early beneficial diagnosis of an unsuspected malignant neoplasm or aneurysm. [2] [3] [4] [5] However, others describe harm and excessive cost resulting from treatment of radiographically suspicious IFs. 6, 7 Moreover, clinical experience dictates that many IFs are of indeterminate clinical significance and generate uncertainty among both research participants and their physicians. 6 At our institution alone there are approximately 4000 imaging examinations a year performed solely for research purposes. However, depending on the research study and institution, established mechanisms for handling imaging IFs may vary significantly or might not exist. 8 For example, imaging data may or may not be evaluated in a timely manner or by a trained radiologist, 5, 8 potentially resulting in the failure to offer a life-saving intervention early in a disease process.
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ments, institutional review boards (IRBs), and institutions can estimate the expected frequency of IFs and consequences of different management strategies. Although the frequency of IFs has been well documented in a few specialized areas such as computed tomographic (CT) colonography and functional magnetic resonance (MR) imaging of the brain, other imaging modalities (eg, molecular imaging, ultrasonography, and plain film radiography) commonly used in clinical research are less studied. Even less is known regarding the subsequent clinical action and ultimate medical benefit or burden that may result from routinely identifying and disclosing imaging IFs. The purposes of this study were to assess the frequency of IFs arising from multiple research imaging modalities at a large medical institution, to estimate the frequency with which clinical action is taken as a result of discovering an IF, and to attempt to examine the medical benefit or harm to human participants from identifying and working up IFs in imaging research.
METHODS
Since 2003, it has been the policy of the Mayo Clinic Department of Radiology that imaging studies performed exclusively for research purposes are examined the day they are performed by a staff radiologist. This radiologist examines research images for IFs of potential clinical significance and dictates a report that appears in the patient's electronic medical record. The interpreting radiologist is expected to call the patient's primary care physician if an IF requiring immediate attention is identified. Further investigation and treatment is left to the discretion of the primary care physician and the patient.
PARTICIPANTS
This retrospective study was approved by the Mayo Clinic IRB. A database of research imaging examinations and their clinical reports was constructed from billing records of research imaging studies that listed IRB numbers. During January through March 2004 there were 1823 radiology examinations billed to research grants. Figure 1 details how 397 of these examinations were excluded, yielding a final study cohort of 1426 research imaging examinations.
DEFINITION OF IF
An IF was defined as an observation noted in the dictated radiology report that was not directly related to the aims of the respective research study as listed in the protocol title. Comments about past surgical interventions, old injuries, nonpathologic anatomic variations, or normal line or pacemaker locations were not considered IFs.
IF DATA GATHERING
Radiology reports were reviewed for each research examination, with all IFs, imaging modality (eg, CT or MR imaging), and body region being imaged (eg, head, chest, or abdomen) recorded to create 8 combinations of imaging modality and body region ( Table 1) . Medical records were available for all participants and were reviewed through February 2007 to obtain demographic data and information about any clinical action performed as a result of the IF. Specifically, actions that were recorded included further diagnostic imaging, referral to a subspecialist, diagnostic medical testing, invasive diagnostic procedures/biopsies, initiation of medical therapy, and surgical intervention. Descriptions of the clinical course of each IF were compiled for review by an expert panel.
EXPERT PANEL EVALUATION OF IFs RECEIVING FURTHER INVESTIGATION
An expert panel was assembled consisting of 6 physicians (including 4 radiologists [3 abdominal and 1 neurologic: J.G.F., J.D.P., E.G.M., and B.F.K.], 1 medical oncologist [H.C.P.], and 1 gastroenterologist [W.J.T.]) and 3 bioethics scholars (law, social science, and religious ethics [S.M.W., B.A.K., and M.E.R., respectively]). Physicians included a former IRB chair, the head of the IRB at our institution, and the chairs for Radiology Research and the Department of Radiology. The bioethics scholars all had significant experience with research ethics and included the director of the Mayo Center for Translational Science Activities ethics resource (B.A.K.) and the principal investigator of a National Human Genome Research Institute (NHGRI) study of IFs (NHGRI grant R01-HG003178). Because the NHGRI study investigator (S.M.W.) was not based at the Mayo Clinic, she did not participate in the review of any research participants' records or the ranking of individual cases.
The panel was charged with devising a ranking system for categorizing medical benefit/burden on a research participant imposed by clinical action resulting from an imaging IF. The panel spent considerable time creating a categorization scheme based on objective end points that could be deduced from the existing medical record. The panel determined that an objective marker to use was the initiation of medical or surgical treatment on the basis of an IF. 2, 4 Medical burden/benefit rank was determined as follows: Clear medical benefit occurred when medical or surgical treatment was administered as a direct result of the discovery of an IF, with resolution or improvement in the disorder or disease. Clear medical burden occurred when medical or surgical treatment was administered as a direct result of the discovery of an IF with resulting mortality or morbidity or with lack of improvement in the disorder/disease. Potential medical benefit occurred when no treatment was initiated, but an improvement or resolution in a disorder could be realized in the future because of the knowledge of the IF. Similarly, potential medical burden occurred when no treatment was initiated but an adverse effect might occur if the IF were investigated clinically. Cases not fitting into these categories were rated as having "unclear" benefit/burden. Physicians on the panel were additionally asked to rate the medical gravity of an IF along a 5-point scale (from minimal/trivial to lifethreatening) according to the original description in the radiology report (ie, not the final diagnosis). Psychological, social, and economic factors were not considered in creating this medical benefit/burden categorization given the difficulty of contacting research participants and assessing their subjective views regarding these factors.
Panel members independently rated medical benefit/burden. Rankings were considered in agreement when all members rated medical benefit/burden within 1 rank of each other, with the dissenting member given the opportunity to explain his or her perspective. Cases for which ratings were not in agreement were resolved by conference and consensus at a later meeting.
STATISTICAL METHODS
The number of IFs listed by staff radiologists in radiology reports was tabulated by imaging modality and body region. The number of examinations with at least 1 IF was also calculated. Multiple variable logistic regression was used to assess the association between the presence of an IF (the dependent variable in the model) and imaging modality and body region, adjusting for patient age and sex.
To assess the risk of an IF for any type of imaging examination relative to any other, odds ratios (ORs) were also reported for each pair of research imaging examinations. The significance level was set at .05 for statistical significance. The number of IFs generating further clinical action was also reported by imaging modality and body region.
RESULTS

GENERAL FREQUENCY OF IFs IN IMAGING RESEARCH
A total of 1376 research participants underwent 1426 research imaging examinations from 91 different IRBapproved research protocols. Participants' mean age was 58 years (range, 3-97 years), with 690 male (48.4%) and 736 female (51.6%) participants. Of the 1426 research participants, 567 had at least 1 IF (39.8%) for a total of 1055 IFs (284 examinations with multiple findings), with a subsequent IF to examination ratio of 1.86 (0.74 was the ratio for all 1426 examinations). Of research participants with IFs, mean age was 63 years (range, 3-97 years), with 251 male (44.3%) and 316 female (55.7%) participants.
FREQUENCY AND RISK OF IFs BY IMAGING MODALITY AND AGE
The frequency of IFs reported varied widely depending on body region and research imaging modality (Table 1) . Computed tomography of the abdomen/pelvis and thorax produced the highest percentages of imaging examinations with an IF (61% and 55%, respectively), providing an average of 1.29 and 1.16 IFs per research imaging examination. The most commonly encountered IFs stemming from CT of the abdomen/pelvis were aortoiliac calcifications (68 examinations), diverticulosis (25), and renal cysts (15) . Ultrasonography and nuclear medicine scans infrequently produced an IF (9% and 4%, respectively).
Multiple variable logistic regression was used to assess associations between the odds of an IF and factors of interest (age [considered linearly], sex, and type of imaging study). Type of imaging study was significantly associated with an IF (PϽ.001). With ultrasonography used as the reference imaging study, each of the other (4), and other (6) .
examinations, with the exception of nuclear medicine examinations, was associated with a significantly higher odds of an IF ( Table 2 ). The largest ORs were for CT of the abdomen/pelvis (OR, 18.9) and CT of the thorax (11.9). Table 3 reports the OR and 95% confidence interval (CI) for an IF for each pair of the 8 imaging studies of interest. Frequency of IFs was also compared between body regions for modalities infrequently resulting in IFs (ultrasonography, plain film radiography, and nuclear medicine). None of these comparisons was significant except for thoracic plain film radiography having increased odds of producing an IF relative to the extremity radiography (95% CI for OR, 1.2-5.6; P = .02).
Greater age was also significantly associated with increased odds of IF (OR, 1.5 per 10-year increase in age; 95% CI, 1.4-1.7). This increased risk translates into a 4.2% increase in the odds of having an IF per year of age (1.9% per year of age for MR imaging of the brain alone). There was no difference between male and female participants in the likelihood of IFs (male relative to female participants: OR, 1.04; 95% CI, 0.8-1
.3]).
A second multiple variable model was also considered that included categorized age (Ͻ40, 40-64, and Ն65 years). Results again were that greater age was significantly associated with a greater odds of IF; age 40 to 64 years (relative to Ͻ40 years) had an OR of 4.1 (95% CI, 2.5-6.8) and age 65 or greater (relative to Ͻ40 years) had an OR of 9.7 (5.8-16.3).
IFs PRODUCING CLINICAL ACTION
Of the 1426 research imaging studies examined, 35 research participants (2.5%) (8 male and 27 female participants; mean age, 57 years; range, 31-87 years) received further clinical action based on an IF (Table 4) .
Of these 35 research participants, 32 received follow-up imaging for a total of 71 additional studies (CT in 35, MR imaging in 12, ultrasonography in 23, and positron emission tomography in 1), and 16 underwent additional tests or procedures. Twenty-seven were referred by their primary care physician for subspecialty consultation. Five research participants underwent noninvasive diagnostic medical tests (serial cancer antigen 125 levels, dexamethasone and catecholamine levels, pulmonary function tests, fungal serologic studies, and coagulation tests), and 6 underwent invasive diagnostic procedures (bronchoscopy in 2, biopsy in 2, fine-needle aspiration in 1, and flexible nasopharyngoscopy in 1). Eight research participants underwent surgery for an IF, 2 underwent radiofrequency ablation (renal cell carcinoma in 1 and carcinoid liver metastasis in 1), and 2 received medical treatment (antifungal agents in 1 and antitussive drugs in 1).
Although many imaging modalities and body regions were found to generate large numbers of IFs, only chest CT, abdominopelvic CT, all other CT, and MR imaging of the head yielded IFs that received further investigation. No clinical investigation resulted from IFs from nonhead MR imaging examinations, ultrasonography, plain film radiography, or nuclear medicine. Abdominopelvic CT had the most IFs receiving action, with 19 acted on among 207 examinations (9.2%) ( Table 1) . The most frequent IFs receiving further action were ovarian/adnexal masses (n=9) in the abdomen/pelvis and indeterminate lung nodules (n=5) in the chest.
EXPERT PANEL EVALUATION OF MEDICAL BENEFIT/BURDEN
Medical burden/benefit and gravity of disease for each IF generating subsequent action are reported in Table 4 . Six cases were found to be examples of clear medical benefit (rib osteomyelitis, renal cell carcinoma [ Figure 2 ], smallbowel carcinoid tumor, sphenoid sinus Aspergillus colonization, ovarian mucinous cystadenoma, and grade 2 ependymoma [ Figure 3 ]), with a mean gravity of disease score of 4.0. Twenty-four cases received an evaluation of unclear medical benefit/burden, whereas only 2 cases received the designation of potential medical burden. Onethird of participants (n=8) with unclear benefit/burden underwent serial cross-sectional imaging of their IF, and more than half (n=13) underwent consultation with a specialist. Three cases were found to represent clear medical burden to the patient, with a mean gravity score of 2.3. These included suspicious mesenteric nodules that were found to be benign reactive lymph nodes at laparoscopy (Figure 4) , an ovarian mass found to be a physiologic cyst at laparoscopy, and an adrenal mass found at surgery to be an adrenocortical adenoma. No deaths or postsurgical complications occurred.
COMMENT
In this study, 40% of research imaging examinations had at least 1 IF, with the risk of an IF increasing with age. Of these, a small minority of IFs (2.5%) eventually resulted in subsequent clinical action. Moreover, we found that some imaging modalities (eg, CT and MR imaging) and body regions (eg, thorax, abdomen/pelvis, and brain) generated significantly more IFs and were more likely to be acted on. Despite the fact that clinical pursuit of most IFs was of unclear benefit/burden, 6 research participants (1.1% of all examinations with an IF) were believed to have clear medical benefit resulting in curative treatment of tumors and infections. In contrast, 3 participants (0.5% of all examinations with an IF) underwent laparoscopy or surgery for benign disease but experienced no longterm morbidity.
COMPARABLE STUDIES
The body of literature concerning IFs in imaging research originates predominantly from work within CT colonography and functional MR imaging studies of the brain 2,4,8-17 but includes studies of structural MR examinations of the head, 18, 19 body, 20 and others. 21 In contrast, the present study estimates the frequency of IFs across all research imaging modalities at 1 institution, differentiating by imaging modality and body region scanned, and includes an attempt to assess resulting medical benefit or burden to the research participant.
Nonetheless, some of our observations can be compared with those of other studies that have examined individual imaging modalities. For example, at least half of asymptomatic participants have an extracolonic finding on CT colonography, but only 6% to 8% have extracolonic findings of potential medical significance, 2,4,5,9,15,22 paralleling our observation for all types of research CT of the abdomen/pelvis (Table 1) . Overall, 0.6% (9 of 1426) of imaging examinations in our study were followed by surgery and/or radiofrequency ablation because of an IF compared with 0.2% to 1% of asymptomatic subjects participating in CT colonography studies 2,13,15,22 and higher rates in symptomatic patients or those with greater radiation dose and intravenous contrast. 5 Previous studies examining IFs in brain imaging demonstrate a large range of IFs, from an incidence of about 20% for MR imaging performed on younger patients 16, 17 to 47% for MR imaging performed on older adults (mean age, 47 years). 8 In the present study, among participants with a mean age of 63 years, 43% of all examinations had at least 1 IF. In these previous studies, 3% to 8% of brain MR images resulted in further clinical action compared with 2.2% in our study. 8, 16, 17 In addition, we found an age-related increase in the likelihood of having an IF on brain MR imaging of 1.9% for each year of age, similar to others.
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CLINICAL RESEARCH IMPLICATIONS
This study demonstrates that research imaging IFs are common in certain types of imaging examinations, potentially offering an early opportunity to diagnose asymptomatic lifethreatening disease, as well as a potential invitation to invasive, costly, and ultimately unnecessary interventions for benign processes. It should be noted that the clinical investigation of a suspicious IF that results in a benign diagnosis is not necessarily without clinical value or avoidable when presented with potentially life-threatening consequences (eg, a solid renal mass). Nevertheless, the majority of IFs seem to be of unclear significance. These instances represent a dilemma for researchers. 8, 16, 17 As a result, clinical evaluation and serial imaging is often the course of action, with the participant, research grant, or medical insurance left to cover the cost. Even despite imaging surveillance, the final diagnosis often remains uncertain. Implications of uncertain IFs include emotional and financial distress in the research participant, clinical confusion for medical providers, and unplanned consequences for researchers.
Clinical researchers and IRBs may struggle with determining how to handle and plan for imaging IFs. This study attempts to inform research protocol design by supplying frequencies of IFs by imaging modality, body region, and age, but also the proportion of these findings that were considered worrisome enough to warrant further investigation. For example, 9.2% of all abdominopelvic CT examinations in this study prompted further investigation or treatment. In contrast, plain film radiography generated sizable numbers of IFs (39% had IFs), but none were followed by subsequent clinical action. It may be reasonable to devote fewer resources to potential IFs when the Abbreviations: CT, computed tomography; IF, incidental finding; MR, magnetic resonance; US, ultrasonography. a Model also includes patient age and sex. Odds ratio reported is odds of an IF in a patient having an imaging study modality listed vertically relative to the imaging modality listed horizontally across the top; for example, the odds of an IF in a patient having a CT of the abdomen/pelvis relative to a CT of the thorax is 1.6.
b Difference is statistically significant at ␣ level of .05.
expected frequency of potential benefit is extremely low (eg, generating Sharp scores of rheumatoid arthritis from radiographs of the hand). Conversely, provisions should be developed for detection, disclosure, and follow-up of IFs when the expected frequency is high (ie, abdominopelvic CT and brain MR imaging). Figure 2 . d See Figure 4 . e See Figure 3 .
Currently, management protocols for research IFs vary. 23 In some instances, this variation may raise ethical questions. For example, at some institutions, not all research images are evaluated for IFs by a trained radiologist. Functional MR images are often read by PhD or even non-PhD, non-MD researchers. 23 Even when a radiologist is included as a member of the investigative team, images may not be reviewed in a timely manner, thereby possibly losing opportunities to intervene early in a disease process. This study and recent recommendations set forth by the National Institutes of Health-supported Working Group on Managing Incidental Findings in Research should aid institutions and researchers in evaluating and drafting their IF policies. 1 When research imaging is performed within a department of radiology, a review of the images by a trained radiologist usually requires minimal time; however, significant practical hurdles may exist, such as those encountered with smaller institutions, stand-alone research imaging facilities, transmission or archiving of images, no standardized reporting system, and unclear responsibilities and communication mechanisms.
Finally, it should be recognized that research participants may overestimate the potential benefit that research imaging studies may offer. One study observed that, even when research participants knew that their images would not be reviewed by a physician, they still expected that if a brain abnormality existed it would be detected. 23 In contrast, experience demonstrates that few research participants appreciate the risk of anxiety, cost, and possible surgical morbidity or mortality for benign disease from radiographically suspicious IFs. Consequently, the research consent process should outline risks related to the identification of an IF when the expected frequency/ potential benefit is high.
STUDY LIMITATIONS
Our study has a number of limitations. (1) Variability exists among radiologists in selecting and classifying IFs. (2) We did not include an assessment of emotional/mental/ anxiety-generating burden because this was thought to be highly subjective and impractical in a retrospective study. However, although not measured in this study, we recognize that a strong emotional impact does exist for research participants who have an IF (particularly if clinical consultation or serial imaging is recommended) and that this important factor affects the potential benefit/burden of research imaging. (3) The number of IFs that resulted in clinical investigation may be underestimated because some research participants may have pursued investigation outside our institution. However, our practice of dictating a clinical note detailing IFs the same day the research examination is performed and personally contacting the primary care provider in instances of life-threatening findings minimizes this likelihood. (4) Our attempt at assessing medical benefit/burden with an expert panel necessarily has the weaknesses of retrospective assessment with time-limited follow-up, categorization based on subjective benefit/burden definitions (particularly for the "potential" category), and clinical opinion. (5) We did not perform a cost analysis. (6) For cases classified as showing clear medical benefit, it is impossible to know with certainty how an earlier diagnosis precipitated by research imaging compares in final outcome with diagnosis at a later time precipitated by a natural onset of symptoms. (7) Our investigation occurred during a 3-month period and was limited to active investigations during that time interval.
CONCLUSIONS
Results of this study demonstrate that specific imaging modalities, body regions, and advanced age increase the likelihood of generating an IF during the course of imaging in clinical research. Research imaging studies at high risk for generating IFs can be identified. These data should inform researchers, radiology departments, and IRBs about the risk of an IF and subsequent clinical action and can be used in creating management plans for research imaging IFs.
Timely, routine evaluation of research images by radiologists can result in identification of IFs in a substantial number of cases that can result in significant medical benefit to a small number of patients. 
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